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OBJECTIVE — Hyperbaric oxygen (HBO) is a device that is used to treat foot ulcers. The study 
goal was to compare the effectiveness of HBO with other conventional therapies administered in a 
wound care network for the treatment of a diabetic foot ulcer and prevention of lower-extremity 
amputation. 

RESEARCH DESIGN AND METHODS— This was a longitudinal observational cohort 
study. To address treatment selection bias, we used propensity scores to determine the "pro- 
pensity" that an individual was selected to receive HBO. 

RESULTS — We studied 6,259 individuals with diabetes, adequate lower limb arterial perfu- 
sion, and foot ulcer extending through the dermis, representing 767,060 person-days of wound 
care. In the propensity score-adjusted models, individuals receiving HBO were less likely to have 
healing of their foot ulcer (hazard ratio 0.68 [95% CI 0.63-0.73]) and more likely to have an 
amputation (2.37 [1.84-3.04]). Additional analyses, including the use of an instrumental vari- 
able, were conducted to assess the robustness of our results to unmeasured confounding. HBO 
was not found to improve the likelihood that a wound might heal or to decrease the likelihood of 
amputation in any of these analyses. 

CONCLUSIONS — Use of HBO neither improved the likelihood that a wound would heal nor 
prevented amputation in a cohort of patients defined by Centers for Medicare and Medicaid 
Services eligibility criteria. The usefulness of HBO in the treatment of diabetic foot ulcers needs to 
be reevaluated. 



Hyperbaric oxygen (HBO) therapy is 
used to treat foot ulcers that have 
not responded to initial care and 
thereby to prevent lower-extremity am- 
putations (LEAs), both of which are com- 
plications of diabetes. HBO requires the 
exposure of a patient to 100% oxygen at a 
pressure two to three times greater than 
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ambient atmospheric pressure (1). The ef- 
ficacy of HBO as a treatment for lower- 
extremity ulcerations has been supported 
by several small randomized trials; its 
use also has been advocated by a number 
of review articles (2-7). However, a 
meta-analysis of these randomized trials 
did not find a long-term statistically 



significant improvement associated with 
HBO therapy and concluded that the 
overall quality of the reviewed studies 
was poor (8). 

Randomized controlled studies are 
efficacy studies in that they estimate the 
likelihood that a drug or device, like 
HBO, will work in an ideal setting. Effec- 
tiveness studies estimate the likelihood 
that a drug or device will work in the "real 
world." Effectiveness studies can be diffi- 
cult to conduct in that the design con- 
straints of a randomized trial create a 
nonreal-world setting; therefore, fre- 
quently, effectiveness is assessed using 
cohort studies. The propensity score 
(PS) technique was first described ~30 
years ago (9). The goal of this technique 
is to statistically control variables that 
might influence the selection of a therapy 
and thus to mimic the "even" distribution 
of variables seen in a randomized con- 
trolled study. 

We compared the effectiveness of 
HBO with other therapies administered 
without HBO in a wound care network. 
We used PS approaches to compensate 
for the lack of randomized treatment 
assignment as well an instrumental vari- 
able analysis (Supplementary Data) to 
confirm our findings. 

RESEARCH DESIGN AND 
METHODS — Longitudinal observa- 
tional data from the National Healing 
Corporation (NHC) were used. The study 
was reviewed and approved by the In- 
stitutional Review Board of the University 
of Pennsylvania. Our presentation is con- 
sistent with the STROBE statement for 
cohort studies. 

Population 

NHC is a company that provided com- 
prehensive wound care management sol- 
utions to local wound care centers across 
the United States. NHC developed clini- 
cal pathways to guide treatment based on 
reviews of best practice and guidelines on 
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proper diagnosis and medical care (e.g., 
debridement, good wound care, and off- 
loading) that were taught to the local 
wound care providers. HBO was one of 
the therapies used in their centers. NHC 
maintained a database that included both 
administrative and clinical information. 

Subjects were included in the study if 
they were treated at an NHC center be- 
tween November 2005 and May 2011, and 
if the local wound care center had contrac- 
tually agreed to provide data for research, 
resulting in 83 centers located in 31 states 
being available for study. All subjects in 
these centers were evaluated for eligibility. 
To be eligible, subjects must have had 
diabetes, adequate lower-extremity arterial 
flow (as determined by the clinician), and 
a wound on their plantar foot (hind- 
foot [heel], midfoot, or forefoot [toes]). 
All subjects must have experienced failure 
to heal during the first 4 weeks of wound 
center care and also to have experienced 
failure of decrease in their wound size by at 
least 40%. These inclusion criteria are 
consistent with the inclusion criteria of 
diabetic foot ulcer randomized clinical 
trials (RCTs) registered with the Food and 
Drug Administration and with the reim- 
bursement guidelines from Centers for 
Medicare and Medicaid Services (CMS) 
(10-12). The CMS guidelines for HBO re- 
imbursement suggest that patients should 
have type I or II diabetes, adequate lower 
limb arterial blood flow, a deep skin ulcer 
penetrating down to ligaments, muscle, or 
deeper with tissue infection (e.g. , a Wagner 
wound grade of ~3), and a wound that has 
failed to heal despite a 30-day course of 
standard wound management. Similar 
criteria recently were approved by the 
National Health Insurance Program of 
Canada (13). 

Validation 

To validate our ability to properly access 
individuals with diabetes who had ade- 
quate lower-extremity arterial flow and 
foot ulcers, we received personal identi- 
fier redacted copies of the electronic 
medical chart with photographs for two 
groups of patients: one selected for having 
diabetic nonischemic foot ulcers (our 
target population, n = 100) and the other 
selected for having wounds of the lower 
extremity but not diabetic nonischemic 
foot ulcers (n = 100). The NHC codes 
for an individual having a diabetic foot 
ulcer were based on a diagnosis of dia- 
betes, diagnosis of arterial and venous 
disease (exclusionary codes), and the lo- 
cation of the wound (e.g., foot). However, 



those in the other lower-extremity wound 
group could not have the codes listed for 
diabetic foot ulcers but could have the 
exclusionary codes. All materials were re- 
viewed by a single investigator (D.J.M.) 
who was blinded to the database classifi- 
cation of the subject. An individual was 
thought to have a diabetic nonischemic 
foot ulcer if chart review revealed the fol- 
lowing: diagnosis of diabetes; no mention 
of lower limb ischemia or venous disease; 
and wound location on the plantar aspect 
of the foot that could be confirmed by a 
photograph. To compare database ascer- 
tainment with actual chart assessment, we 
calculated the positive and negative pre- 
dictive values, as well as the sensitivity 
and specificity of the ascertainment 
method. 

Person-time 

The study time began 28 days after an 
eligible individual was first examined and 
enrolled in an NHC clinic. This "pretrial" 
follow-up period is part of most clinical 
trials to ensure that a wound is chronic 
and not healing. Outcomes and person- 
time did not include this 28-day prestart 
time period. Person-time accrued until 
the subject had left the database, died, 
healed, had an amputation, or had been 
followed-up for 20 weeks since enroll- 
ment at the NHC center (i.e., 16 weeks 
after they were enrolled in our study pop- 
ulation). We previously have used this 
definition of person-time in a similarly 
designed study (14). 

Outcome 

We studied two outcomes: healed wound 
(as determined by the local wound care 
provider based on a wound being fully 
epithelized and no longer requiring a 
bandage) and LEA. All outcomes were 
assessed 16 weeks after the subject be- 
came eligible for our study or 20 weeks 
after enrollment at an NHC center. 

Covariates 

Covariates included age, sex, wound du- 
ration at enrollment, wound size at en- 
rollment, Wagner grade, number of 
wounds on the patient, wound location, 
history of neuropathy, history of wound 
recurrence, and history of osteomyelitis 
or abscess. 

Statistical analysis 

Descriptive statistics were generated for 
covariates and presented as percentages, 
means and standard deviations. Statistical 
tests for testing differences between 



groups or quintiles included x 2 tests, 
t tests, and AN OVA. 

In this study, treatment allocation 
was not random, but determined by a 
health care provider. Hence, selection 
bias could potentially affect our results if 
the choice of therapy depended on pa- 
tient factors that were associated with the 
outcome (in this case LEA or impaired 
heal). 

To minimize bias we used a PS ap- 
proach. This approach allowed us to 
achieve balance on observed covariates 
between treatment groups so that the 
treatment groups were more comparable 
(9). The PS provides a summary value for 
the potential measured confounders. The 
PS represents a summary value of the po- 
tential covariates for each patient and are 
defined, regardless of the actual treatment 
choice, as the probability that each patient 
would receive the treatment of interest 
given the background covariates of that 
subject. Our PS model was used to 
balance a number of baseline covariates 
such as age, sex, wound age, wound 
size, Wagner wound grade &2, the num- 
ber of wounds on the patient, history of 
neuropathy, history of wound recur- 
rence, and history of osteomyelitis or ab- 
scess. Importantly, wound age, wound 
size, and Wagner wound grade ^2 at first 
visit are highly predictive of the likelihood 
that a subject will heal and has been used 
in other PS studies of wound therapies 
(14-16). 

We first used logistic regression to 
estimate the PS for each individual by 
regressing treatment assignment on rele- 
vant covariates. We used the estimated PS 
in several models based on matching and 
stratification (based on PS quintiles) as a 
weighting factor and as a continuous 
covariate for adjustment in proportional 
hazards analyses. In all proportional haz- 
ard models, the proportional hazards 
assumption was tested and confirmed 
using log-log plots and Schoenfeld resid- 
uals test. 

We also conducted an instrumental 
variables analysis, which is an alternative 
statistical approach used to minimize 
selection bias from unmeasured and mea- 
sured confounders (Supplementary Ma- 
terials) (9,17). This approach is further 
described in the Supplementary Materi- 
als. All analyses were conducted using 
STATA version 12.1. 

Sensitivity analyses 

In nonrandomized studies, an observed as- 
sociation between treatment and outcome 
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may reflect the effects of unknown or 
unmeasured confounders that might not 
have been adjusted for using the PS ap- 
proach. We conducted a sensitivity ana- 
lyses to assess the effects of an unmeasured 
binary confounder on the estimated hazard 
ratio (HR) for amputation and healing 
obtained using the PS model (18,19). Sen- 
sitivity analyses were performed using R 
version 2.14 (The R Foundation for Statis- 
tical Computing, Vienna, Austria). 

RESULTS 

Database validation 

Of the 200 charts reviewed, in those 
categorized as diabetic nonischemic foot 
ulcer, the diagnosis was confirmed in 93 
of 100; in those categorized in the other 
lower-extremity wound group, 98 of 
100 were confirmed. Therefore, our 
database algorithm had a positive pre- 
dictive value of 97.9% (95% CI 92.6- 
99.7), a negative predictive value of 
93.3% (86.7-97.3), a sensitivity of 93% 
(86.1-97.1), and a specificity of 98.0% 
(93.0-99.8). 

Effectiveness of HBO 

There were 11,301 subjects with 32,021 
wounds enrolled at eligible wound care 
centers with diabetic foot ulcers between 
November 2005 and May 2011. Per the 
enrollment criteria, these subjects had 
adequate lower-extremity arterial flow 
(as determined by the clinician) and a 
wound on their plantar foot (hindfoot 
[heel], midfoot, or forefoot [toes]). Fi- 
nally, per our inclusion criteria, to more 
closely mimic Food and Drug Adminis- 
tration-approved RCTs, our study was 
limited to 6,259 subjects who did not 



Table 1 — Basic characteristics of the study cohort 





Full cohort 


HBO not used 


HBO used P 


N 


6,259 


5,466 (87.3) 


793 (12.7) 


Male (%) 


3,556 (56.8) 


3,045 (55.7) 


511 (64.4) <0.0001 


Age in years (SD) 


62.1 (20.9) 


63.0 (16.9) 


61.6 (14.5) 0.0004 


Wound duration at time of 


Wound size at time of first 
visit, cm 2 (SD) 


1.6(6.2) 


1.6 (6.2) 


1.9(6.3) <0.0001 


Wagner grade &3 (%) 


3,988 (22.8) 


2,708 (18.4) 


1,280 (45.7) <0.0001 


Amputations (person) week 16 (%) 


168 (2.68) 


115(2.1) 


53 (6.7) <0.0001 


Healed wounds week 16 (%) 


8,521 (48.6) 


7,311 (49.6) 


1,210(43.2) <0.0001 


Major amputation (person) week 16 (%) 


96 (1.53) 


70 (1.28) 


26 (3.28) <0.0001 



Values are presented as mean (SD) or n (%). P values compare HBO users to nonusers and, as appropriate, are 
based on t test or \ 2 test. 



experience healing or have an LEA or 
who experienced failure to decrease the 
wound size by at least 40% in the first 
28 days of care. The majority (83%) of 
subjects were excluded because they had 
healed or had an amputation in the first 
28 days of care. The average age of this 
cohort was 62.8 ± 24.6 years, 43.5% 
were women, 74.2% were white, and 
4.5% had LEA (Table 1). The average 
wound was 1.5 ± 6.7 cm 2 and 1.1 ± 
4.0 months old, with 19.3% of the 
wounds being Wagner grade &3, and 
48.6% of the wounds healed by study 
week 16 (Table 1). In total, we analyzed 
767,060 person-days of wound care ther- 
apy. HBO was administered to 12.7% of 
the subjects, most frequently to a depth of 
2.0 atm (88.5% of treatments), 5 days per 
week (88%), and for 90-min sessions 
(99.5%). 

Within PS strata, with the exception 
of wound grade, the distributions of all 



covariates were similar regardless of treat- 
ment. As an example, Table 2 shows the 
balance of the three variables most often 
used to predict that a wound will heal. 
Those in quintile 2 (a group less likely 
to receive HBO) and quintile 5 (most 
likely to receive HBO) were not well- 
balanced (P < 0.002 and P = 0.05, respec- 
tively) with respect to the percentage of 
individuals with wounds of Wagner grade 
>2. 

Survival analyses with adjustment for 
the PS showed that individuals receiving 
HBO therapy were more likely to have a 
lower limb amputation (HR 2.37 [95% CI 
1.84-3.04]) and were less likely to heal 
(0.68 [0.63-0.73]) when compared with 
those who did not receive this therapy 
(Table 3). These estimates were nearly 
identical for all analytic methods (PS ad- 
justment, stratification, or nearest neigh- 
bor matching). However, because of our 
failure to fully balance Wagner wound 



Table 2 — A sample of the covariate balance based on PS quintiles is illustrated using three variables that are highly predictive of wound 
healing 





Quintile 1 


Quintile 2 


Quintile 3 


Quintile 4 


Quintile 


5 




No HBO HBO 


No HBO HBO 


No HBO HBO 


No HBO HBO 


No HBO 


HBO 


Wound size (cm 2 ) 


3.0 3.6 


3.6 2.6 


3.0 3.0 


4.6 5.2 


5.9 


4.3 


P 


0.63 


0.49 


0.95 


0.44 


0.09 




Wound duration (weeks) 


5.3 3.4 


4.8 5.8 


4.5 4.2 


3.7 3.6 


2.3 


2.7 




% Grade >2 


8.4 7.1 


75.3 68.6 


94.9 93.7 


97.7 97.7 


98.0 


98.9 


P 


0.52 


0.002 


0.23 


0.99 


0.05 




Observed percent healed by week 16 


37.7 


47.2 


49.2 


49.0 


45.4 




Modeled percentage healed by week 16 


38.5 


47.2 


48.6 


47.7 


46.6 





P values from two-sample t tests (for variables mean wound size and wound duration) and Pearson x 2 test (for the variable percentage of patients with a wound Wagner 
ulcer grade £2) comparing the two patient groups categorized according to their HBO treatment status (HBO and No HBO) are displayed. To demonstrate the ability 
of these three covariates to predict outcome, observed percentage of healed subjects by week 16 and the percentage predicted by a logistic regression model based on 
the three covariates are listed. 
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grade and also to be consistent with CMS 
criteria, we separately evaluated individ- 
uals with Wagner wound grade s 3 (Table 
3). These subjects also were less likely to 
heal and more likely to have an amputa- 
tion with HBO therapy (Table 3). The 
wound center had no effect on the likeli- 
hood that a wound might heal after con- 
trolling for wound duration, wound size, 
and wound grade. 

Among those who received HBO, a 
median of 29 (25-75%; 15-48) treat- 
ments were received. It is important to 
note that those who received HBO re- 
ceived their LEAs ~3 weeks later than 
those who did not (P = 0.02). On average, 
amputations occurred at 88.6 ± 90.1 
days for those who did not receive HBO 
versus 106.1 days ± 113.2 for those who 
received HBO. To assure treatment accep- 
tance, HBO exposure was altered to re- 
quire at least eight treatments; HBO 
therapy still was associated with increased 
amputation, (HR 2.03 [95% CI 1.49- 
2.77]) and fewer healed wounds (0.73 
[0.66-0.81]). 

We conducted a regression-based 
sensitivity analysis to assess the effects of 
an unmeasured confounder on the esti- 
mated treatment effect HR resulting from 
the PS analysis. Analyses were conducted 
for both the estimated HRs for amputa- 
tion (HR 2.37 [95% CI 1.84-3.04]) and 
healing (0.66 [0.63-0.73]). For the am- 
putation outcome, the effect estimate was 
quite robust in the presence of an unmea- 
sured confounder. For example, if there 
was an unmeasured confounder that was 
prevalent in 80% of those who received 
HBO and in only 10% of those in the com- 
parison group, and if the HR for this un- 
measured confounder was quite extreme 
with respect to amputation (i.e., HR 2.5), 
then after adjustment for the hypothetical 
unmeasured confounder we would have 
an HBO-based HR of 1.24 with 95% CI of 
0.96-1.59, meaning that those who re- 
ceived HBO had a similar outcome as 
those who did not. For the healing out- 
come, similarly, the estimated HR after 
adjustment for measured confounders 
via the PS was 0.66 (0.63-0.70). In this 
case, if the unmeasured confounder was 
present only in 10% of the treated group 
and in 80% of the comparison group, and 
if the hazard associated with the unmea- 
sured binary confounder was 2.0, then 
the new adjusted HR would be 1.08 
with 95% CI of 1.03-1.19. In this situa- 
tion, our HR would be < 1 and no longer 
statistically significantly. However, it is 
important to realize that our a priori 



assumption was that HBO prevented am- 
putations and healed more wounds. For 
this assumption to be true, the direction 
of the effect estimates would have to be 
reversed (e.g., the 2.37 we measured 
changed to 0.5 to show fewer amputa- 
tions) and would have to be statistically 
significant. For this to occur, the magni- 
tude of the unmeasured confounder pre- 
sented would need to be even more 
extreme and therefore is even more un- 
likely to exist. Finally, we also conducted 
analyses using an instrumental variable 
that yielded similar results (Supplemen- 
tary Data). 

CONCLUSIONS— HBO therapy has 
been used to treat chronic wounds for 
>20 years. Unfortunately, the literature 
on the efficacy of HBO therapy is not 
clear. Perhaps more importantly, there 
have been no studies of the effectiveness 
of this therapy. The importance of effec- 
tiveness studies on therapies for the treat- 
ment of diabetic foot ulcer is critical, as 
evidenced by the poor utilization of effi- 
cacious therapies like skin substitutes, 
recombinant human platelet-derived 
growth factor, and total contact casting 
(20-22). These are therapies that have 
been extensively investigated with high- 
quality efficacy studies, although not all 
are consistently reimbursed and therefore 
are not used extensively in clinical prac- 
tice. In our study, we were not able to 
show that HBO prevented amputation 
or improved the likelihood that a wound 
would heal. In fact, using multiple ana- 
lytic approaches, it appeared that those 
who received HBO were 1.5 to 3 times 
more likely to have an amputation than 
those who did not receive HBO, and they 
were also 1.2 to 3 times less likely to heal 
their foot ulcer. 

HBO has the potential to have many 
differing effects on a chronic wound and it 
may not be reasonable to assume that this 
therapy should be used to fully heal a 
wound. In fact, those who study wound 
care have been concerned that the re- 
quirement by regulators that a wound 
care product must heal a wound to receive 
approval may be naive and not consistent 
with the biology of wound repair. HBO 
therapy may have a beneficial effect on 
microbial balance, soft tissue infection, 
and angiogenesis. HBO simply may be a 
part of the answer and not a therapy that 
should be used until a wound fully heals. 
Approximately one-third of the subjects 
in our study who received HBO received 
more than the recommended maximum 
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number of treatments (e.g., >40) (23). 
Most wound care guidelines explicitly 
mention the need to try other therapies 
if a therapy is not successful (24). It is 
conceivable that more attention needs to 
be given to the coordination between 
HBO usage and debridement or the use 
of other adjuvants like skin substitutes, 
recombinant human platelet-derived 
growth factor, total contact cast, and oth- 
ers (24). Further, this potentially im- 
proper usage may explain the conflicting 
reports in the literature about the efficacy 
of HBO (8). In this regard, there is pre- 
cedence for differing outcomes with 
HBO. Osteoradionecrosis of the jaws is 
another condition treated with HBO and 
the timing of surgical intervention is an 
important variable with respect to success 
(25). A standard protocol shown to be 
effective is 20 preoperative HBO treat- 
ments before oral surgery. When HBO is 
used without surgical intervention it has 
no lasting benefit (26). 

In 2012, an RCT-based meta-analysis 
was published on the efficacy of HBO (8). 
The authors found seven RCTs of 369 
subjects that evaluated the efficacy of 
HBO as compared with conventional 
therapy (8). HBO therapy varied from 2 
to 3 atm for 45 to 120 min, administered 
once or twice per day, 4 to 5 times per 
week (8). The case definition for diabetic 
foot ulcer varied across studies but mostly 
included wounds below the ankle in in- 
dividuals with diabetes. The wound grade 
varied from Wagner grade 0 to 4, with 
most studies including individuals with 
wounds of grade &2 and allowing indi- 
viduals with poor lower-extremity arterial 
blood flow (8). The conventional therapy 
arm also varied by trial but usually in- 
volved off-loading the foot. Not all trials 
reported all outcomes. Their meta- 
estimates did not show an advantage of 
HBO therapy as compared with standard 
therapy with respect to a healed wound at 
6 months (two trials, n = 112) or 1 year 
(three trials, n = 212) (8). They also were 
not able to show fewer amputations, 
fewer minor amputations (four trials, n = 
242), or fewer major amputations (five 
trials, n = 309) in those who received 
HBO as compared with standard therapy 
(8). Although they could not show a sta- 
tistically significant advantage, in most 
circumstances HBO appeared to be supe- 
rior to conventional therapy. Pooled data 
from three of the trials (n = 140) at 
6 weeks did show that individuals who 
received HBO were more likely to heal 
(8). Interestingly, a recent randomized 



trial had demonstrated that another de- 
vice was approximately two times more 
efficacious than HBO, but this same de- 
vice was later shown not to be more effi- 
cacious than standard off-loading (27). It 
is important to realize that many of the 
subjects studied in the trials described 
would not have met CMS eligibility crite- 
ria for treatment. 

We did not evaluate other therapies 
used by the wound care centers. HBO is 
used as an adjunctive with other thera- 
pies. Our goal was to compare those who 
received HBO with those who did not 
receive HBO. The NHC algorithm sug- 
gests that individuals with diabetic foot 
ulcers receive debridement, off-loading, 
good wound care, and the consideration 
of other therapies like recombinant hu- 
man platelet-derived growth factor and 
skin substitutes. We did not investigate 
which other therapies were the most 
successful, but our results indicate that 
as a group they were more successful than 
HBO and these other strategies need to be 
considered. 

Even though we used statistical meth- 
ods such as PS or instrumental variable, to 
try to understand and adjust for treatment 
selection bias, it is still possible that our 
results are biased. However, we did in- 
clude in our PS variables that have been 
shown to correctly predict whether a 
wound will heal and to explain >90% 
of variability between predicted and ac- 
tual outcomes (16,28,29). The covariates 
that are most highly predictive of wound 
healing were either well-balanced (i.e., 
wound duration and wound size) or eval- 
uated by exclusion (i.e., wound grade). 
These variables have been used in other 
PS assessments of the effectiveness of 
wound therapies (14,28). Finally, we 
conducted a sensitivity analysis to evalu- 
ate the effect of unmeasured confounders 
on our results. The results of the sensitiv- 
ity analysis demonstrate the robustness of 
our results with any potential unknown 
confounders. However, until multiple, 
well-designed, large RCTs evaluate out- 
comes other than a fully healed wound, 
it may not be possible to truly understand 
if HBO provides a benefit. Also, because 
we conducted our study in wound care 
centers, our results might not be general- 
izable to all wound care providers. How- 
ever, all wound care providers do not 
have HBO facilities; however, many 
wound care centers like NHC do have 
HBO on site, thereby improving the like- 
lihood that our study generalizes to those 
that have HBO on site. 



In conclusion, HBO did not appear to 
be useful for the prevention of amputa- 
tion and did not improve the likelihood 
that a wound would heal in a cohort of 
patients defined by CMS eligibility crite- 
ria. To date, this is the largest study of 
HBO. We used several techniques to 
ensure that treatment selection bias was 
minimized. It is important to note that 
our findings may not be consistent with 
the Food and Drug Administration clear- 
ance for this device, which was based on 
the Undersea and Hyperbaric Medical 
Society-approved indications. Per these 
recommendations, HBO therapy is for 
the enhancement of healing in selected 
problem wounds. It is entirely likely that 
HBO therapy enhances a specific aspect of 
wound repair and should not be used as a 
single agent to completely heal a wound. 
This also was likely true for several scien- 
tifically valid compounds, which when 
tested in vitro and in animal studies had 
shown promise with respect to wound 
healing but when tested in humans were 
not shown to heal chronic wounds 
(11,30). The usefulness of HBO in the 
treatment of diabetic foot ulcers needs to 
be better-clarified, preferably using well- 
designed RCTs and perhaps using other 
healing-based end points other than a 
healed wound. 
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